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(57) [g^] 

[111 7>^>ifnx h#{£<. igp a p 

mm^m mm&m 1 2 1 4 . *m 

m*T'%z^&2 4&mwmmmizm&Lfrmmi 8£ 

>2 8*EBL,T3teHH*t£fr^. ^WfC<t-5S«^*« 




mm&mTi&JSi&'zmzm^&m&mm&w ^mw- 11-174790 



mmw&w.±.\zytm%t&m\ xjusticj: 

6 fr 0 . airtBtttt*ro t UT^frtK*^ 

1X112 

n If ift t p I tfc p n t^, $fc 

P i nSte£J$tJiN*#a>6fc9, iEtftf»tLT 

«fr*»*3S 1 Xfi 2 tc|E«©H«»«*j*. 

5 ] NT££tt±fc*J££n&¥*fttfM*f p 

^.si*^ 1 xtt 2 k:e*©H«i»j**j*. 
mho* el mmm#±izBi$.2ritz¥mfcmmtf. 

P n 1* Lfc p nSte, 
Uplfi#, i If if, nffl*N»fl:£«K:««l,;fc 
P i n«#*«r^##A»6feO. iWfBft*tt» £ L T 

d £ S»«tt4» 1 Xtt 2 {CfB®CDBf£^j$2f 

So 

mv, 7k®m* , iz&^T>bmmMrfi&f!mizvtzz\t& 

[18*319] miBf^iLT, nlfSfttl/T^ 
■J U pS*«#tbT7^ni/7 = >«i 
#£<5gffl Lfcil i £«r*£-r*»#fi 1 X« 2 (CfB«OT 



eiRj±S-B:4 Z. £ ZmML'TZm Mm 1 X\t 2 (CfB«© 
05 H«Pfig^ffi. 

[at&gt 1 1 ] 

1 xtt 2 \znm<r>mmM&js 

10 fe. 

mm^^rz^mmimtLxmmmm^m^^z.tiz 

mmm&fa±-$vz z.t&ft&t-rzm&m 1 x«2 tc 
15 mm^mmm^m. 

5/w77tE©i$, (b) ytmmomm* (o i 
s £ £ t-r*»*3B 1 

[g*JS14] ilft£«*IK&. tttts^ttttfclE^-f* 
25 IRK. «*it«ricH<t«E<E^«Efrt Jfcfttf 

W*ai5] husB**^?:. 

attttciE^-rs c £ &&®.t-rz>m *m 2 tciB«opj^ 

40 ££««!£-£ 3 ;i£tCj;D. 

K<E^T* d £ Z&WttTZtmm 2 {Cf3*(Oiii^^BE 

50 W**l«»C»«i!R*fctt«»S«^T*S#ft*«««* 
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m&m 1 9 ] *9E3taB*«u— 0 . *SEU- 

mutm 2 0 ] «e3tts«t. >»ts.< t 
^T«««3e*ff5ct*«t*t-r*ai**i 7 trie* 

[0 0 0 1] 
[0 0 0 2] 

icw&fts. 

[0 0 0 3] EP*., h-f hffi. & 

fe*#^##*sftfc->-hitt*&»ta£fci^ ^ 
m<D£.oiz^ v- *?—7j$.v h\z£Qj&f&ztiz>myt# 

TiftSMt**ifC*5. HOE. flOlR&Bf *S6— 
rtW-y K©**3^»IBIHIK<t0«SSn*BIH*<»*. 
[0 0 0 4] JUl^SSt**.!:, ^ffi7'u>^-^tr 

[0 0 0 5] #SS9i#Stt. d©«fc'5fc«*ft*-t©t> 



fc. z\<n&5ts.¥f&.&%-Dit&®<»m*mtfnu. ma- 
tt, yfr-xv-t^ >m©fe*T$>-g>n-x^>^;u^x 

K (pH) Ki«tr3r*»flE***fr<aEft:-rait*«»6 

10 ftTi3 0 , W*ttaScA-f >v*5?xy hSfe 

£fte, p H 6 «±Tti*{£&tt£j&^ft«TTkti£i£-r 

5. z\n<h<D^m^m^izmmL. mm^izmm^m. 
20 -So r.ft jse«ffi*EPtti-r -s^ph 1 o~ 

-y-> ? >^CDlgS'l4^C a t h i 1 o n Pure B 
lue 5GH(C. I. Bas icBlue 3 ) ^ 
25 ?7v ! >^CD^Stt^^5 1 l/>7';l/- (C. I. Ba 
s i cB 1 ue 9) IJpMU 0 KTTti^fttKSIS: 
ffit 0 fgfe LT 1^-5 At-€-net±tC^ -5 <h Mtc$ tlT^igft 

mm&mvn&zwtia-rzi:. »««©««±»c::fts 
30 ©feiiffr^s ft* ft z\nt>(D&m 

[0 0 0 6] tt*|£jgj£lC&S£ft 
-5«BE^7 0 Viii5<. C©«t575:g[V^lIS:ffSn-r 
35 5t. ^#itiB«i©->3h*-AU7Sil/Tl/ 

[0 0 0 7] #«tt«» ; pOK-hr>^-KK- 

40 »j«-r*ctttpriiBif»*. tc5*i. e^e^T'«* 

#ufc«i±) Ritcfi^i:, ytmn.i]<»temz&mt&¥ 
so -So z\<Dftst>. ye&mtj&m^tzfrmmtpx'owm&ift. 
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tt. 1. 0VKTT?»ftjS7C-r-6#'Jbfn-;u&if«)i» 
ft, ^<0^i?Tliftia)!t#M¥5 - 1 1 9 2 0 9t 

-mmm(DW.mMM} ) - 1 5 7 9 0 5 a 

ft ( 5-7 ) (c^^Ttt. «* 
*je«2 0 v*>e»8 ovtiBt<&oT*o. mmmnt 

tt, tfl:^f&tE««10VH±T*4. ftoT, B 
[0 0 0 8] 

r5B9ijW!?*b<fc 5 <t *»flc5itti4, 1) 

3) »flH»Wlt>a«69fC^*it*tiir«T. 4) 

• fcx h • m^m-xr. 5) ^%{ct)^ffl#tcfe 

<ib<. 6) iHffltt*«+»k:»l»t?**B«»)«*ffi, 

fc. #f|BJ©35 3©B#j«:. ^WJ;5^H#^*j*(c 
[0 0 0 9] 

^s&a&TJijtEbfc. tit, sa^b*:*^©^^ 
t. are. ««#»t#r*. ^mm^mmm^m 

#£«fcb 5 »ce<* t P H©^{fctC <£ 0 it^m 

net. *»«tr«. 

[0 0 10] C©3Erffi(C«tntf. 



^<a©m@±tcfitt£^;ti^T-&#T^tBbTgi 
05 »t»»-?**«*an/t*fiow«3&«»*Jian*. * 

f-5i^Stt^E<. *56BJ(c*5^T, rMtpHCfft 

*-r*t>ffltrs. unsottwi. js»«ffi*Bwur 

&#J*©jS^pH (7^^->ttm#*j!(Sft?«pH 
10-13, *5 1 *>'t4«*^T'ttpH 1~4) ©tK 

*3R»E#fc:»j!?t> b < tt#iSt b < 

[0 0 11] ffiflS«*BtJgj£ictt. *S-j£JK±©HfiS 
20 tE«-St^0, lig)5«ntliteflfiASifiES 

25 »at«ttil:ffiio«MI*»*t« c <t*«-c#*. 
EtT. £©«fc3KbT»J«b&*«IR£3tem*K<!:if 

mstcEMii-r-sm Txn&.<DS&%i\z£r)nm%!&&n 

[0 0 12] **W#S>OSC£T«JET*^***ffl 

Si:bTT ; E^77'X->Urj>^ffifflbfe«^(c(i. BE 
45 Mtl/TitttOnSS i CSfclipIS 1 CSttffl 

[0013] $^>(c. aw**«ic«®^e>3t*x«tb 

50 **K**it3W*Hr». fl^fflpnft^Sft 
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[0014] if%w<»n.mm\z&z>wmzmm'&z i i-x- 

lil£#rffi£tfTiIi»£i5fi£-r3l&(C, (a) SllPtS/t 
-f77!E©^, (b) 3ttB8»O^IBI. (c) RgW-f 

[0015] *fsw©ia«»rit*ffijc«fc0»6nfc«* 

* & tt»tt K U it S *tt S i* * £ £ K «fc 0 # 

[0 0 16] *&. *^HJ3©iS{£I^gjB«. S9i£« 

K«fcOfc#«K»tfawi*rffl • it*"*-*****!*** 

->izu-z>xmm^tz\tm^m^-x'^^^t, mm 
ttomu'v&ztiftiinmii. mmw.<Dmw&w.±.izytm 
fttzftoftrntzmz., mmwmnm\zmnffi£tz\zn 

[0017] «t. ^ffiwss&KfiMiiiKKijii-r*. * 

[0 0 18] n©J:"3fc*«fc*W£*fr©JEft:icJ:»J 
tiUTIt #JxJ4. fei«^tUTH pH4R±T 

»iB*flS*fP*3«C<Tt>»«0*«-f*>«flE (PH) 



awAmtif en. cnttpH6K±TJ4*ic*»t**«-t 

ti^Ttr«a:i§-r^>) **«*W6n4. Sfc. iS5HM* 
JEfittlt pH*t6fit±T»4*K«Ptta*«. -^n^T 

©fiTWCfc. 5>Sfe*4©— ^T*5t^v*> 

IffllStiMC a t h i Ion Pure Blue 
5GH (C. I.Basic Blue 3) v> 
10 >&<Dm&'&8m*^l'>-J)V— (C. I. Basic 
Blue 9) ttpHtfl 0£JLT?MJtfl:tttt«AO 

n». a»«£Esaiftrr*^pH8£iiT©**«ttca"rc 
[0019] cft6«»ftitWk:««fl:r**r»*« 

20 U 8tt'f>lCtt&£SLT«EE£HJftrf«&. BilllM© 

il±i:cn^ ©«#*««> 6 n 

m-sizit, zLo&ft^izmm&ftm.z&T. mwtwz 
25 nffi&mLni±zwtia-t%t, mmm<nnm±izmm&. 

»*«©i*tr»pH (7^>ttMW4TlipH10~ 
13. *ft>tt«tffiTttpHl~4) ©*|g^(C 

30 amt-p. *»«+icfi»aja-a-*ji<tA*T?**. m 
vmmmm \z «, * « -^a±0E«f)E^iT* 

V>. tot, A-f 7^«£ESWHPL/T*tttf, 

[0020] z.<D£oteytnmmzMi$.L?z>it'£®<D 

3. -tf^.*aiS©P r o Jet Farst Yel 
1 ow2 ZmiZt-oTWiW^Z). Z.<D&mt. MtK (p 

H6~8) izm^zmmv. r-^yt^x^mm^z 

45 -5ttW$-}to= d©P ro Jet farst Ye 
1 1 ow2©*^ i: t :i ica^*ffiS:Sbjl*"r-5t, H 
«ftiSTttzk**« : r 1 ©OH--f *>*»iH»S*lTO, tC 

«ttiST*-JU (P) i OH" 

so i^aswscsfcft-e*^. 
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20H+2p* — 1/2 (0 2 ) + H 2 0 

©jEffc^T*****©**^ *>mmmxx p h 

Jmt^St, mScDISSflJTttP r o Jet fars 
t Yell ow2©*»«**fiTLT*Sfl:L»«J&* 

[0 0 2 1] *5§^«^1(73— ^OM<lttm*#?)<7)fC* 

^•5^W^^tlT€Tfc. fcLAii, A. Fuj is 
hima, K. Honda, Nature Vol. 2 
38, p 3 7, (1 9 7 2) f ttnlf ift(0T 1 O, 

h*-tr>yx?B«»J«*ffofc«**H. Yoneya 
ma^ilCiO J. Electrochem. So 
c. , p 2 4 1 4, (198 5) KSgeSftT^S. £ 

0. 6Vf*D. H«^T«^«^e«^^ttTa^F 
fet, A*-f TX«ffi<&B1JqbT*^±tf 

co v- a h n u 7-#int l. * ^ i n -5 

0, 3lJnT#-5A*-f TXmmfC«K^a5^. £©fc 
*T©tIi*t!Jg/5!ctt, 1. 0 VfiTFTKffcjtTC-f-Stf'Jh? 

[0 0 2 2] SWttift^roWJtJWtl/Ttt. fr^rt 

-7 - iJM£©a$7KSi5:#*$i*S t BMcS©i!&S©tiJ&© 4 
0Kj&>S8 0X©«HT»D. 5 0 96 BLh 

**pH©«fl:fc«toa***>68|[**tc?ia»W»c«fl:T? 
#3#tt£WU K«t3 0~6 0 0T»5*l 



[0 0 2 3] #ClC, *^^CDH^fife^tCffl^-SK#: 
05 COHTSfit*. #3fi9nciSV>Ttt. B« (*#|g) CO 

io ^n-s. £c9«fc5&»#±ic3;'r, anxcti«a«xijEfi 
mtf, taw© i TOBt*»j*fntf«tt>. 

[0 0 2 4] £<B8HfcW«H±K#«fcb<te*M*<0 

(PVK) , #iJ7WI/>**«. jSta^SM^tu 
TttGa-N, y--f-\' ; E>h*. C-BN. S i, S i 
20 C, Ga, G a A s . CdS, CdSe, CdTe, A 
1 S tu Inp, ZnSe, Ti0 2 . ZnOSf*!i 

[0 0 2 5] ^bStt^C«t-5je«^COffi; 

25 Kfb^^>ttKJR*i4 0 0 nm£J[TtCb*^<SWra& 

30 [0 0 2 6] ££T#&&^¥iSJ#:T&*T i 0 2 \Z 

o^th&^s. t i o 2 \tmwt£wutv!i¥m#-vmftm 
*jiM«-si*»iaa*5M--r*. tot. »«©»^ 

Z\£tfT'&Z>. T i 0 2 ©«^tetCO^T«^<-3^ 
35 ©^r£^2a£*lT^3o WAtf, *&lfeft:K&. Xrtyf 
V>?&. ho>fcf— (EBft) . 

fzo jl7C®a«. jl^(i*3^^X^T5 5 Ogg^TSn 
^t5ffl*SflT*5. 09>Ui, Y. Hamas ak i 
£ fj J . Electrochem. Soc. Vo 
1. 14 1, No3. p660, 1 9 9 4TIJ*f^ 

45 x*t*55 5 omtnmmm&nuamt^x^?>o tzz 
a*. $t*it®3 6 ostfi o^^t^^fgs^-o^Btw 

50 [0 0 2 7] Sfc. *B««l^:<!fT?*fflftanTV»*. 
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-t s a t v» o mm&& o fc. zl <d mm 

s i s l csfiwjiicfcfli-r* 

ii/ltSU*. S i CllnS, pS<ht>»C«R*«pIS6 
Wife, S i CHS i <fc*Btea*&Wfri>9-m&<&{fcffiS 

[o o 2 8] *%w<nmmM$Lmmmzmmi'OZ>¥m 

[0 0 2 9] Jfclc, ¥W#t«*R»J«Se*©»*«» 

■3tftS5. 3^«;fr©»j£f;:tt;fc|»*ifciL-c£<*l 
6ftT^5«t5C. ^frtSttbfc^EtC^Ufcva 
ht-AUTtpn^SWip i n Jg£-£?iJffl-f-2>,> - 

itt^-T^o 01 (A) fflISlttyah+-i-&©i^ 
£S5U (B) ®«a@Hp i n^»«-&**-r„ n 

m^m&tmmtcDfflizi/ 3 h^-ngT-^s^ 

(C, ^>8#:«£ftfC bfc«^»Ctt««fE*«aEn*)B*|aiT 

^ > #«3» $ n s i t \z fs. -s . 
[oo3o] -mz. ¥m#<z>ft&nMttt&&)±zts. 

S i Tfeit^-tf^O. 6 Vl/MSnSK t^5*s. 

0. 6 Ve«#*inI^«i(Sf«[E6nT^^„ 

7-#*ft#£n5fgf¥-3;TT<&£. yah+-A'J7- 

1. 5 V<D/U7XW,J£$:ftiMLTye$:mm-?%£. ¥ 
3W*0»KB«2» 0 . 6V££LT2. lV<hfc0«*tC 



[0 0 3 1 ] uCT, **w©H«»s)E*tttfipak:ffi 
fflU5«¥»«:«S©*«*»Wr*. 0 2 (A) (£3 
05 Wfcnffl¥*#*«©«jfcfc;SrttK»rHHT?a*. * 
■^-f (J?*: 1. 0mm) ±l£, 

& (I TO) ifiMtfL-Ztl. 2 <=>(CJ¥*2 5 0 nmCD&{fc 
f : J'>f«ft:l!j{f^$nTV^. 0 2 (B) 14 p i n 
«!jfi5r#f -5 a - S i (7^77X->'J3» Xfi© 

10 *^y-r^^77;*#: 

OP* : 1. 0 mm) ±(C, Soffit LTCDS n 0 2 
jgBJ*HR^0fi£$tl, SbC. nIM*la-S i 

()l*:50nm) , iI*i#ia-S i OP* : 3 
0 0 nm) . pS*$#Ia-S i (Jp* : 2 0 n 
15 m) . pS^^Ba-S i C^d^g^tlT^O, 
I±i«)^apSf««:Ia-S i C«Itlt 
©SfJ2:*fcLT^S„ 0 2 (C) 14, fiPN^l 

#: OP*: 1. 0mm) ±{C. i§9J«« ( I TO) 
20 1*3*1. $6(C*tS^«#:^>X'f S^V-Jl^U 
B OP*: 5 0nm) . ai7^D->Tz:>B OP*: 5 
Onm) *«**iisn. i7^n->7^>lAi§lI 

[0032] z.nmmm^m^.L.o^m's. inmum 

#lf*@3ffl^77l;St. 0 311 €r«©*m©igj5? 

<P\Z\Z{f5>7A (H^T^-f) ©=t-5(C, fe^pHMS: 

30 offlWJ: 5 \z p Hillcifo 6T^#14a*IUff 

^77C (--S^T^-r) ©tt^WJ: 3 iCpH filled 

35 ***C*t>«)**Jf*b<» dO^77A^0fffllb 

Kfr*>*rr. watt«-e-£jwiH««rsn 
[0033] &5£w<Dm&Mi&Jsm\zmm2tix^z>-( 

ta V . p H ro^fc t J; -3 T HueBWft] < ^«S*^{kT -5 

45 ^WlCli. h'J 7x-;i/^^>7'i5"J h*5^. 7 

KU^i'UKS. 7t!Dlf7>l, 7f7i"JK*. 
y'7izw^>i, i?D^y t'5-V-;i/^, D^nt 

50 7h^i7^A^. hUT-t*>?S. h'JT 4 /— ;UT'/^. 
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[0 0 3 4] cnSOif «Wt l/TB 1 tMC^II 

nx. a. (1) 2mmin±<D7-* 

•©iiaiHItt^ffliB^i*. (2) T^^->tt»^ 
«. (3) %&£ffitt©jB£*|. (4) 

C^TVJRWP ro Jet Farst Yello 
w2^>, *5i©*Stt7^ 'J ;Wttp H 6 K±TH 

t , ie«i««)«&± tc z n & aftw ft 

io~i 2©*jsf«c«-ritT. **j«*{;fi*ffla 

•&-5>^<i:*?T-^^. £©<£?(£, D— X^>^;U^>X^- 
-> >-^> Pro JetFarst Yellow2 

6*1*. CcDPf, JB*-r*ft*#fsftt-f*>ttJ&»*-aT 
[0 0 3 5] 2 t > £S^LfcS^f:^ 

weft*. tc^a*. **«o»»n±-cn. 
mmamm t m>&mm £ mtt u t t> wm* * » * -a c <t 

[0036] *r»-K:Sttjj«rai;2aa©-f^->, m 



05 d«**P— X'O^fJHcyj l J7>h7 , iP-C'ft>^ 

as©-r * >tc«»«»j««**«»ntf «t n. 

[0 0 3 7] *fCitt^5 21S0'ft>, «*tf 
10 7--*>ft-vnWmi&f&mtltf$>Z>P r o Jet F 
a r s t Ye 1 1 ow2 <fc# ^3" 

BHBJG£figft#t££C athilon Pure Blu 
e 5GH (#fi) *8^Ufcffl£**+T, SSUt* 

IJCathi lonPure Blue 5 GHfflcffl 

-?£o\z-1j<n\t€;tyifrif77 A (UttT^T) ©<fc? 
20 SC. *tt««Ttt»«W;:StfLT43»)» £>5<£pHffi 

30 -5©"e*-5o 

[0038] 'Aizmn^&UiiLxm^^m^izu, m 
wz#mi<itxmm-rtni£<, mc£5\zmmt*m* 
[0039] mz®wt<D'mmm.t pHiz-D^xm^z. 

40 t*-5£«rra»cft#-r 4«#it©BUP**J»< ft 0 15 1 0 0 
mS/cm 2 Tg&fn-rSo (H 5 #J£) Sot, fi^-Y 

45 3>hD-;|/t5Ct^Tt, MAH 5V£KT<DW.EE 

<Dwm\z£ o t bmmmoMmz ^miz-r z c t 
g-r^., nmm&f$.nmz\t&mft?<D®mm& 

50 S^L(C<H. tr5^> *fiafPtt^©^«K©pH-C 
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[0040] fcizmmovimmz-D^Tm^z. mm<D 
vgmmtmmm<»mm<D&itiz£<omi$.x«z%tf, mm 
mommzmmmommmffimiz j;^ tm'mtz z. tit 
ii«^rf»«. (a) wua-r^/^ 77,ns.<n 
$t£, (b> ytmmvmffl. (c) Haw-r^Tt^. » 

•5. 0H#^fifeB#©3t^«. AW77f)I. mEEBl 

[0041] z<nmm mmm) a. *8«««e^&# 

Cite J; D. §M(ce¥L3§. 3cfc. 

[0 0 4 2] *f6W»ia«»«*l£K:0HT. 0 6£# 

IiWfI14*ML (06 (A) ) . 
§#I116£MLitMl8 (06 (B) ) £iptB 

e>{c, ^§§2 omiz'pu< t^mm^^-yizm-DTn 

8£¥«#ifffl| («&) 1 6 

^2 2(ca»$n€>j;5@«-r^<*:<tt)tc. 

<ffi;£T*.5>tt|fi]WS2 6Sl^ti(C^ii2 o^fcsagr 
So gaftJ*P^;U«^2 5 Sr. X*P*<*#B£U 

Tfi&fP&ffc;* 'J ^ Lfc#g§ 2 3 (CgHg 

U W8Btt*<m**tM¥»2 2 £<£P B 1lCigiffi2 7 £18 
ttfc. e^T, M*D^^fl2 5l;»LT> TiO 
2 1116 £«Ufl««<h LTfllffl-f *. 
[0 0 4 3] R£K 1 8 0393£« 1 2 ±KfJrj£©v* 
^/^->2 8*E«UTJI6BMt*ff3t, 9tmti\z£ 

z&mtiwft&\stt®Mz&Rmznmttm£&ttt& 



(o ) . :©t6tii*«snfcisi 8^*^ 

fei3 0£@5£{L;T-5>. ft*5. C^T«VXi'/15'-> 
05 7X!?/^->2 8^fflUf, figEU— tf— ftfC^O* 

flD*6?«E#3 ll:(E?ts:tt)T*5 (06 
(D) ) . 

io [o o 4 4] &fat>n*)inmnmt2 or. 2 sr. 
3 o < c(c*5ViT-?-n^no. 2444V. 0. 2412 
v. 0. 2 3 8 7 8 vt&o. mzmi&n&=ovfcm 

izmmhmmmmm<r>m&^fat}u^)vmm^mm 
mzmizvT.h&^. 

[0 0 4 5] £tC. 7t«*Mf^KfflK>|}7t^StCOViT 
20 uCSJtMtLTtt. if— SftStl, 

«. *«^««*^— i^flaitb^*^— flB»3tai*fflv* 
mfr^m^y He-c 

d\s— tf— . He-Nel'- If— . N 2 L — If— , 

[0 0 4 6] gftgBtt. ITCiaiTiltJ;^ 
30 ft, VXi7/1^->*ffll^^ffig3teSrffiffl-r^H«^ 
fiEg^Wffi. 0 8(C«tB§W^0T*-rj;5/j:. He-N 
e U— !f- Srffl ^T^S^tCJ; t) H&^fiEtC&gftft 

* &«i3i£ft a* ojtg «t u z> . 

[0 0 4 7] Sfc. «#KWUit<E9£:**tria«BM* 
*a«WKff'5fc«>t:, 0 9 (C«tffl§SEK0T^f <t -5 

[*ig^j] 

[0 0 4 8] KTiC. mffimzmifT*3£W : ££K)&M 

(mmmi) 02 (a> ic^r=k3(c i to*«±ice 

B (Elecrton Beam) ^»(CJ; 0 2 0 0 n 
mT i O z Zmm-TZ. O^tC, ^*iI#:0#S'l4*± 
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^it^X- Mj£<DffiWlZ$>^T, 0. 0 2MC0 
Pro Jet Farst Ye 1 low2 &15tS7k 

mm^px. tsfij^p^;umM{c*fLT i o 2 mm&ftm 
mmtLxmmL. ^mmm^2. o vciltsiscqs 

fflW^TK^^-fey >^>y^^^- hVX^^LT 1 0 

®myt*mMLtztz?>, t i o 2 ^m\zyt^mM^ti 

fcl^/fttP r o Jet Farst Yellow 

2<DBmiz£z>mmfimf&zntzo z\<Dmmmfrntz 

T i 0 2 SS$:pHl 0<Z>7Vl^Uttzk^£^OS 
^JgM2i±/ich<r <5P r o Jet Farst Ye 

i i ow2«siiiT, Mizmmtf&^nrzo 
[0049] mmm2) m2 (a) \zm?£v\zmt£ 

>^T10 0nmSIL, $61:2 5 Onm^T i 0 2 

— ^m^m^mm^z^x, xt-u>-t2V)i>m 
pkm^w (^fii 3, ooo, (m*m+m 

*S) (D^zJVite 5%, 8115 0) t7y»#fifi{S 

e^«»*H»»tk*T l » l 

■•W^S****/ (lUTmmn. i£g3 6 5 
nm«M50mW/cm 2 ) *7th7X^S^L 
Tl 0»B3ttftBH»Lfct^*, TiO,*W£**n« 

[0 0 5 0] (mmM3) 02 (B) K^TJ^fCSn 
0 2 <0aW»«gtft*#Lfc*94r-f »^9X»KO± 
fC ; ni©a-Si^50nm, iiOa-S i$30 
Onrru pi^a-S i^20nm(DpiWa-S iC 
£2 0 nm<7D)eT|gS-r^o u(Dp i n*Pfjg£J#o/t a 

-s i M&&m7 iz^Lrz£?\zmm.it¥T~—&mu= 

S5t<£>@2glC&^T> 0. 0 2M£)Pro Jet F 
arst Yellow2 Sr^tf*S«*T, fiSfil* o 

S n O 2 ««*f^ffl««t LT*iJffi u 
fPfflSffi*l. 8 V K: LTUSOWK* y >5 > 

5, p-s i cmmzyt&mmznrzmi&tziip r o j 

et Farst Y e 1 1 o w 2 CO^KtC <fc5KfiH 
Pro Jet Farst Yel low2 ififtmM 



[0 0 5 1] (£jfcM4) «PN^SKft 02 
(C) 3 (I TO) tt#(£>*<i7 

5-^mjJ7X<D±\Z^V U>R»frT*S^>X-f 51f 
y-M'Jl/>^5 0nm, i7^Dy7z>^5 0n 
05 mCDjlKT«Jf-f So Ctl£0 7 C^l/:fMftfT-K 
W&^®5$<7)iEg{C;k^T> 0. 02M©Pro Je 
t Farst Ye 1 1 ow2 £*tf*»*4>T, ffi 

10 y>7>^7thTX^^LT, 1 OWMIIf 
gBJfiS^ft-tP ro Jet Farst Yell ow2 

tzv i nSS^pHl 0(D7M'Jtt*^^^c«E 
15 KUgftfc^itfct^P r o Jet Farst Ye 

i i ow2«iLTbt, «fcitet^ia«*<<E*a 

[0052] mmms) 02 <b> i^l/iJc^cs 
no 2 <Dmmmmm^Mmi^tz^^m^^7,m^<D 

20 ±(C, p^OD a - S i £ 5 0 nrru il(^a-Si^3 
OOnrru n M<D a - S i £ 2 0 n m<7) n M(E> a - S i 
C*2 0 nm<0jeT«»-r5o P i n«ifi£&o/i 
a-S i*«*H7»C*Ufc«fc3JC*»ft*Tf— 
Hffi5£CDiBgtC43t^T\ 0. O2M0Cathi Ion 

25 Pure Blue 5 GH£§tf*8£«*T, fiSfP 

* p^;Mt*fc:»u s n o 2 mm^mmmh itiw 

>7>7 ? ?:7th7X^^bT, lO^BMIWl 

fet^*, n-s i cmmizmmMznrzmmzitfc 

30 athilon Pure Blue 5 GHCDBWz 

ck*#ft©ia«**#6nfco ii0i«»nfcp i n 

p H 5 <0»tt**«**>uft:ttJC»MS*fc t £ 
^Cathilon Pure Blue 5GH^S 

35 [0 0 5 3] (HS£0tJ6) EI 2 (A) fc^T^; 3 fcJ¥£ 
lmm©^7Xifi(: I TO<Z)3K3MIIKS^/^-/^U 
0 0 nm«IRU I TOgI±l:7il/ • ?)V&i 
tCck 0 2 5 0 nmT i 0 2 8KB I TOI 

40 Wii8, 7hP>NTi-0 9 2) 15 0 0 

mm. 2 o&mxmf&isfzfot. ms o omximmm 
m-rti&r i o^s^Msns. «7ciast4, 

T3 5 0ST1 0»ri7Z-;i/tSCi:^feo £ft 

45 0 7 (c^b/td: ^ izmmt¥x-f&&}t£=ffijS;(Dm 

mztel^T. 0. OlM^Pro Jet Farst 
Yellow2£0. 0 1 M(DC a t h i 1 o n P 
u r e Blue 5 GH£S£3-frfc#Stt*T, ffi 

si*p^;ufliffi{c^LT i o 2 mm^^mmmt\^xm 

50 ffiU ffrfl«ffi£:2. 0 Vl:l/T*SC!)I«3S^**+ 
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OmW/cm 2 ) £-7* h?X^5:ILTl OfMI33fc£ 
RH*Lfc£C*, T i 0 2 «iBIC3ie*<flg»Snfc<H*« 

2 S«£iififcg«!£it, imEU&a*&. 1 5 oric^l* 

[0 0 5 4] (H^J 7 ) *JS01J 6 t I TOlfi 

±.\Z*J)V • ?)imz£.<0 2 0 0 nmT 1 0 2 

MiiTOlS±i;xt:>3-hSTT i o 2 ® 
TJUn^v- K*»BtL/tt5 5 0^1 NPIBIJllJSft-rntfT 

i o 2 ©R««»*sn5. S5ctt9a. 1 

t 3%<0*#^X^g-&^nfeS6^^X*T3 5 Og? 
Tl 0»MT^-^-r*it*ffofc. CM, H7fC 

T, 0. 02MfflPro Jet Farst Yel 
l ow2 <££tf#iS8WT. tfrfn^D^SStcMUT 
i 0 2 «I£f£ffl»ii:LTfiJfflU flM)««£2. 0 
VClsTSKOKMfrSH e -C d V— tf-£ft«£T 
i^WV^+l-t- SSTIt^ilL^ if— 
OX^t^t-Kttlmm/sectffofc. "t"-3 
t, TiO, afflC3t*«Ba»anfc*«fc*JtP r o J e 
t Farst Yell o w 2 l^fc i-Sftfit^IIi 

coa^js^nfcT i o 2 mm&P 
hi ocdt;u* ')&7k®m&'$A,tzWUzmk2i*:titz: 

5Pro Jet Farst Ye 1 low2 7^W^ 
[0 0 5 5] (*S60!I8) 3 il^tiCS n 0 2 <D 

mwmnm&mi&i'ft*'yr-imx7z.m&<D±\z. n 

i®a-Si^50nm, iS©a-S i^3 0 0n 
m, p^COa-S i 5:2 0 nmfflplffla-S i C$:2 
0 nnKDMX'ffim-fZo Cfflp i nlS^ta-S 

©SEgfC^T. 0. 02MfflPro Jet Far 
st Yell ow2 &-§-ty*^f^tpT, fiSfn^P^^ 
««K#bSnO,«fl^flUIJ««£L-C?OTU fpffl 
1IS1. 8 V(cLT»&WS<M^<=>He-Ne U— tP 

fco l/-f -OX*t >X tf- h'S 1 mm/ s e c TfJ 
ofc. -r<5<i, p-S i C«ffilC)tA«fla»Snfc«*«: 
ItPro Jet Farst Yel low2ffl|| 

^tfcti^Pro Jet Farst Yello 
[0 0 5 6] 9 ) QCMS GfcJMMHF'T'r * 

WMfittO. OlMOPro Jet Farst 
Ye 1 1 ow2T% it$»NaC 1 ^MSrit^ 
ftS*fc. QCMgIttit4iIi©fefflT", ««tt-f 



1f»lCtfc0rr-5o la 5 (C^-T J: 5 iC. ^SOmS/cm 

1 0 OmS/cm-egS 

05 ft1"li"<!:A**^fc. 

[0 0 5 7] (*MM 1 0 ) 02 (A) (C^-tJ^tCS 

$ lmmffl^7XSKl: I TCHDmwmnm&T./iy? 

'J>yT10 0nmSIL, I TOSfBLhlcvOU • y;U 
ffiiCcfcD 2 5 0 nmT i 0 2 SrSSBTTS. MBit I TO 
10 SS±l:xt:>3-haTT i0 2 ffl7;^ + ->K (B 
7hD>NTi-0 9 2) S:lHieS*15 0 
00^. 2 0&fflTMWil>tc$>t. I-J5 0 0JSTllt#P B l 

tos»-rn«T i o 2 ©Btjw&ssan*. a^asa:, ^ 
mm i 3 x©**^**jg^$nfc««iif^x 

15 <$T'3 5 om.T'1 OftmT—- 't&ft-Dfc. Z. 

3, 0 0 0. B&*S/ (5I*X + JS*S) ©^E.U4t6 5 
%. BHffil5 0) t7^P->7^>«i»fy7>« 

20 n&mmftttm-v 1 *t 1 iz^m^^mn^^mm 
<p-c\ mfuxay.jimmizzii'T i o 2 mm^^-mmm 

7 >^>:/ (lllTmSgf. iS«3 6 5nm» 
Sg5 0mW/cm ! ) xT>fC*Pfebfc^«« 

^^ITI 0fWB3te*BHj|tUfci^^. TiO^I 

[0058] ^fc. Tk&LfcSc. x^i^>-t^u;uk 

30 *tt^* 3, 0 0 0. (8l*X+it! 

*S) 69*;Ht6 5%. i*15 0) t, YV^mwcm 

^v>*mn*&Mft)mx in i\zftmzitfcMm 

SSf^ffl^lSiL-T^JfflL, f£ffl*«&l. 8VCLT 
35 *«©*«^6*«*-fc/>5>7 r (llJT«««. »ft 
3 6 5nmO)tM5 0mW/cm 2 ) Sr. Vif>^{C 

[0059] ssc*jsfebfc«. ^^u>-t^u;^ 

(»f!1 3, 0 0 0. (*** + B|l 

**> ®tM6 5%, M150) t, 7'/mmmn 

Sr-g'tfTkigf&'PT. flSftJAo^Jl^ffifCjISfLT i 0,tt 
«£fMlft«<!:LT*JflIU fMMWISl. 8 VIC U-T 

3 6 5 nmfflfSS5 0mW/cm ! ) -fin-l: 

50 #fibfcv»««©*aatt*j**<t5Jc^«)f^«bT* 
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3, t i o 1 mwizmmttt2ti?zm®tc»'(x.n-<D 
[0060] $e»tc7kstufc^. x^u>-t^'j^s? 

($Hf»l 3, 0 0 0, 
**) (D^)[^it6 5%. 8US15 0) t, #-tf>75 
V? (¥^fifg8 0nm) £H»*Hfc*T 1 » 1 fcfl- 

LT i 0,«B*ftUH««<»:LTfiJJ?IU fl*fflttlf£ 
1. 6 VfdbTSScDSMA^TK^-fe/ >^>7' COj 
TmS§L ftfi 3 6 5 n ma>}fc3gK 5 0 mW/ c m 2 ) 

f56fSLt*nfc7* kx^^lt i o&myt& 

WMLtzizZ.^. T i o,«Btc3t*«Ra»snfc««« 

\17 y ? (DWmiZ «£ -5 * - > WfiE 3 tl. 4 

^—ommfim&znrz. z\<Dm&-t>m&ntzT 
tarn l t c ^ 7 7 - owmrn ice^s nzt. 

[0 0 6 1 ] 

tCctn«. iis)S^s-ei©iattroS!iP^B^ii5iiiscDiii 

[SffiWlBiJiiftiBSH] 

[01] (A) tty 3 ht-g&, (B) Hp i ng& 

[0 3] 



[0 2] (A) IJIWft n S*i#l«©i)SSSt* 
l§»r®0T;&D, (B) ttpiniMtt^a-Si 
««©*Jfc£jST«E»&»fEB|-r»0, (C) tt*T«pn 
WLV>Mf& £^T«B§#r lit * * . 

05 [03] nmtt&wpHvmtizftommftte&Tfi-rtf 

[0 4] *fc*«tt£*U ^O. #ffflBlffi^2 0<D^ 
P H (D^ft; 5 *«M*tt £ iSf ^ 5 7TS 

5. 

10 [0 5] ttfcl5©«*tm©«*«©* 

[0 6] (A) ~ (D) *fSW©H*»J«yn-fe^*^ 
-T«tB§WE0-C ; S)-g). 
[0 7] &jra®Btt&J«lcm>fc&Bo«lMfti£B|-? 

15 

[0 8] He -Ne U-~ tf-*ffl^TjSfiS3ttJ:0^ 
BSWSrff 5B^»fi£^ro«tBS«fig0-C ; a&^)o 

[0 9] n-;utt©*«a«£*T**ttH«»JS£B 
©«EB&fSj£0-C&-5. 
20 [«F^©«9i] 
1 2 jgBJS& 

i 4 mmmmm 

1 6 

1 8 

25 2 0 S»S;§Sb#5SS 

2 2 «3&*m£$;rr%*jR»t# 
2 4 mvi/mRm^® 

2 6 

2 5 mfat) a * )IMM 

30 27 mm 

2 8 VX^A;? — > 

3 0 #fil|5gS| (lift) 

[0 5] 
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c.v. 

F.L. 
V.B. 



[01] 


(A) 


y 










mmms. 







(B) 




ffi: 



ft, 



[0 2] 



( A ) 



aw* 



1 



( B ) 



pi 




< c > 



1 



pffla-SiC<20nm) 

pfia-SI(20nm) 

ffla-SK300nm) 

nSa-Sl<50nm) 

SnOaG&IBartm) 

* -5 ^ < » # ^ * (0.5nvn) 



IS 7 ^ □ •> 77 - > (sonm) 



[04] 



[0 8] 





He-No U-1f- 
Jfc¥*<*(Ti02. a-Si) 
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